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ABSTRACT.-The most important recent laboratory contributions to the control of yellow fever will be briefly sumnmarized under three headings: (1) Methods of diagnosis, (2) Transmission, and (3) Protection.
(1) Methods of diagnos8i.-The development of improved methods of identification, in particular by immunity tests, has made it possible to diagnose yellow fever with much greater certainty. Moreover, since the immunity following an attack of the disease is usually of lifelong duration, it is possible to determine what proportion of any particular population has been infected and also how long any district has been free from infection. The application of immunity tests to the delimitation of enidemic zones, especially in West Africa, has led to a great increase in our knowledge, and yellow fever has been found to have a much wider distribution than was previously suspected. Among other methods of recognizing the disease may be mentioned complement-fixation tests and also in post-mortem material the histopathology of the liver.
(2) Methods of tranmsMssion. Indirect.-The main factors in the transmision of the disease by mosquitoes have been elucidated, and the relations between the course of the infection in monkeys (and also presumably in man) and the infectivity of these animals to mosquitoes. It is found that the blood becomes infective at a very early stage, before febrile symptoms develop, and that infectivity usually disappears three to four days after the onset of fever, owing to the presence of immune bodies in the blood. It is evident that any yellow fever patient must be considered to have been capable of infecting mosquitoes before showing any signs of the disease. Many other species of mosquitoes in addition to the Aedes egypti have now been shown capable of transmitting yellow fever.
Direct.-It is now known that it is possible to acquire yellow fever in the absence of mosquitoes, through handling infected material. Many cases of laboratory infection have now been recorded in which other sources of infection can be definitely excluded.
(3) Protection.-The most important advance in this direction has been the development of practicable methods of vaccination. The use of attenuated virus was followed by the use of virus and immune serum. The development of the latter has depended mainly on the discovery that when yellow fever virus is inoculated intracerebrally into mice, after a few passages it acquires neurotropic affinities and loses to a great extent its capacity for producing a general infection. The use of such virus, combined with human or animal immune serum, has been found to result in the development of a high degree of immunity comparable in intensity with that following an attack of the disease. REsUME.-Les travaux de laboratoire les plus importants sur la fiievre jaune seront resumes sous trois rubriques: (1) methodes de diagnostic, (2) transmission, (3) protection.
(1) M6thodes de diagnostic.-Le developpement de meilleures methodes d'identification, surtout par les r6actions d'immunite, a rendu possible le diagnostic beaucoup plus precis de la fievre jaune. De plus, comme l'immunite qui suit la maladie dure generalement toute la vie, il est possible de decouvrir quelle proportion des habitants a ete infectee, et depuis quand une region est restee sans infection. L'application des reactions d'immunite' A la de'limitation de zones endemiques, surtout en Afrique occidentale, a beaucoup augmente nos connaissances, et on a trouvie une distribution beaucoup plus etendue qu'on ne l'avait pense auparavant. Entre autres methodes de I PROPOSE in this paper to refer briefly to some of the more important laboratory contributions that have been made recently on the control of yellow fever. These will be discussed under three headings, (1) methods of diagnosis, (2) methods of transmission and (3) protection.
(1) METHODS OF DIAGNOSIS.
Unfortunately, there is still no certain method of making a clinical diagnosis of mild cases, in which the characteristic symptoms may be lacking. It is now possible, however, to be wise after the event and decide whether any patient has suffered from the disease, for an attack of yellow fever, no matter how slight, seems to leave behind it a high degree of immunity which generally persists for life. The presence of immune bodies in the blood can be detected in a variety of ways.
The method which has given the most satisfactory results is the application of protection tests in animals. This usually consists of inoculating a susceptible animal with a dose of the serum to be tested, followed by an injection of yellow fever virus. If the serum contains immune bodiqs against yellow fever, the experimental animal does not become infected but further becomes immune against the disease. Originally, rhesus monkeys were used for these tests, but their cost prevented any very extensive investigations. The most important tests of this nature are those of Beeuwkes, Bauer and Mahaffy in West Africa, which have demonstrated the existence of a high degree of infection with yellow fever in certain parts of Nigeria. The use of monkeys has now been almost entirely superseded since Theiler's discovery that mice can be infected with yellow fever. This discovery has had such important developments that I shall refer to it in greater detail.
A normal adult mouse inoculated, either intraperitoneally or subcutaneously,
with ordinary yellow fever virus shows no signs of generalized infection and the virus soon disappears from its body. If, however, the virus is inoculated intracerebrally, the mouse develops signs of encephalitis and generally dies of the disease after six to ten days. The virus can now be recovered from the nervous system of such an animal and also from the suprarenal glands, but is absent from all other tissues, including the blood. A suspension of the brain of such a mouse can be used for the intracerebral infection of successive mice, and after a few passages through the brains of mice, the yellow fever virus changes its character, acquiring neurotropic properties, and loses to a great extent its power of producing a general infection in man or in monkeys. If such neurotropic mouse virus is inoculated intraperitoneally or subcutaneously into a monkey susceptible to yellow fever, it generally produces nothing more than a slight febrile reaction, with none of the ordinary signs of the disease, but the animal develops an active immunity against yellow fever. I should like to emphasize the great biological interest of this modification in the properties of yellow fever virus after cerebral passages in mice. Commencing with the ordinary viscerotropic virus occurring in large quantities in the blood and affecting mainly the hepatic cells, a few passages in the brains of mice are sufficient to entirely change the properties of the virus as far as its pathogenic action is concerned, for it becomes a neurotropic virus producing encephalitis in animals such as mice and certain other rodents which are normally resistant to the original virus. Moreover, the process seems to be irreversible, for up to the present no method has been discovered of recovering the ordinary viscerotropic virus from the fixed neurotropic one. The immunity conferred by the two kinds of virus is indistinguishable except by precipitation tests; moreover immune serum from yellow fever patients protects mice against infection with neurotropic virus. Consequently it is now possible to make immunity tests on a very much larger scale by using this mouse protection test. It is unnecessary to go into technical details except to mention that Sawyer and his colleagues prefer to inoculate the virus and immune serum intraperitoneally into mice that have received a slight brain injury by the intracerebral inoculation of a small quantity of starch, whilst Theiler recommends the intracerebral inoculation of a mixture of the serum to be tested with the neurotropic virus. In either case presence of immune bodies against yellow fever protects the mice against infection. This method is now being applied on a large scale for the delimitation of endemic zones of yellow fever. Blood is being collected in various districts and the sera forwarded to central laboratories in New York, London and Paris, where they are tested for the presence of yellow fever immune bodies. The results are of considerable interest for they have revealed the existence of yellow fever in regions where its presence had never even been suspected. Consequently, we are now obtaining a much clearer idea of the range of this.disease; once the endemic areas have been delimited it will be easier to devise effective methods of control.
Other methods of diagnosis are subordinate to fprotection tests; complementfixation has given good results in the hands of certain investigators, and has the advantage of not requiring animal experiments and the consequent delay. However, this method is not wholly reliable as an indication of the degree of endemicity, for certain cases of the disease seem to show no significant alterations in the complement. Recently, Hughes has described a precipitation reaction, but this is not likely to have any practical value in epidemiological studies.
In post-mortem material the characteristic acidophile necrosis in the liver has been supplemented by the discovery that the nuclei of hepatic cells may show specific changes resulting in the appearance of acidophilic material in the nucleoplasm. Although constantly found in monkeys dying of yellow fever, their presence is much less constant in human cases, and the older methods of pathological diagnosis would seem to be more reliable when dealing with human material.
(2) METHODS OF TRANSMISSION.
(a) I.ndirect transmission.-An important advance in our knowledge of the insect transmission of the disease has been the discovery that many other species of mosquitoes, in addition to Aedes wgypti, are capable of transmitting yellow fever-at least under experimental conditions. The accompanying table contains a summary of the results of transmission experiments with various species of insects from which it will be seen that at least twelve species of mosquitoes are capable of transmitting the infection by their bite. Some of these species transmit the disease from infected to normal monkeys with such certainty that there can be little doubt that they are potential carriers of yellow fever. Unquestionably Aedes agypti is the true yellow fever mosquito and in anti-mosquito campaigns its destruction is by far the most important consideration, but should any of these other species be present in considerable numbers, the possibility of the infection being maintained by them cannot be entirely ignored.'
With reference to the exact manner of transmission, it would seem that the virus does not multiply in the body of the mosquito, but after being taken into the stomach it passes through the walls of the alimentary tract and enters the ecelomic fluid. The virus in this fluid is thus brought in contact with the various internal organs, but for some unknown reason an interval of days or weeks elapses before the virus enters the salivary glands in sufficient quantity to produce infection when the insect bites a susceptible animal. The length of this so-called extrinsic incubation period depends mainly on the temperature, being extremely prolonged at 18°to 200 C., but becoming shorter as the temperature rises, so that at 370 C. it may be as short as four days (eighteen days at 210 C.; and eight days at 250 C. Can the viruts persist in a mosquito population in the absence of a vertebrate host ?-
The answer to this important epidemiological question seems to be an unqualified negative, for there is no evidence to support the view that a mosquito population continues to remain infective in the absence of the vertebrate host. Much attention has been devoted to the question of hereditary transmission of the virus in the mosquito, since many years previously Marchoux recorded an experiment suggesting that the offspring of infected parents were also infective. In view of the fact that the yellow fever virus invades the ccelomic fluid which bathes the ovaries of the mosquito, there seems to be no reason why it should not enter the ova, as e.g., in the case of the fowl spirochaetes in Argas persicuts, but hitherto every attempt to find virus in the eggs laid by infected mosquitoes, or in the mosquitoes developing from these eggs, has given uniformly negative results. It has also been suggested that the infection might be maintained in an insect colony by means of coitus, since there was evidence that when normal mosquitoes of one sex were placed in contact with infected ones of the opposite sex and subsequently ground up and inoculated into normal animals, these became infected with yellow fever. This observation can be explained on the supposition that the bodies of the normal mosquitoes were contaminated by the faeces of the infected ones. It is known that the faces may contain virus and when male and female mosquitoes are confined together, it is possible for their bodies to be contaminated by infective material. Such surface contamination, however, has no epidemiological significance and, when colonies of infected mosquitoes have been kept under conditions permitting the development of their offspring and the consequent influx of new mosquitoes, the infection dies out within about sixteen weeks, the length of time a mosquito might be expected to survive. (In a moist chamber, 116 to 169 days.) Period of infectivity of the blood.-In connexion with the transmission of yellow fever the period of infectivity of the blood is of considerable importance. It is commonly stated that the incubation period does not exceed six days and that the blood is infective only during the first three days of the attack. However, in the two cases recorded by Low and. Fairley, both had incubation periods of ten days and it is known from observations on monkeys that the blood is infective during part of the incubation period. In monkeys the virus appears in the blood within a few hours after the inoculation, although symptoms of the disease may not appear until some days later. The presence of virus in the blood is followed by the development of antibodies which render the blood non-infective to mosquitoes before the virus has disappeared, for a mixture of virus with a sufficient quantity of immune serum fails to infect mosquitoes, although a similar mixture inoculated into monkeys may produce infection. The period during which the blood is infective probably varies considerably, for virus has been recovered on the fourth day after the beginning of fever. How soon the blood becomes infective probably varies according to the dose and other conditions, but I think it would be wise to consider the blood of a patient infective at least three days before the appearance of fever.
(b) Direct transmission.-It has now been shown beyond any question that it is possible to acquire yellow fever by handling infective material. Two hospital infections have occurred, in which patients acquired the disease whilst performing the ordinary routine examinations of cases of yellow fever, and in which the presence of mosquitoes could be excluded. From an epidemiological point of view, however, this method of transmission is probably of little importance, but as pointed out by Low and Fairley, in all cases in which yellow fever may be present attention should be paid to this method of infection when making blood-counts or any similar examinations.
(3) METHODS OF PROTECTION.
The most important advance in this direction has been the development of practicable methods of vaccination. Five years ago I showed that when yellow fever virus is exposed to the action of various agents, such as phenol and glycerine, formaldehyde, or even kept exposed to air, it gradually loses its virulence and then passes through a stage when it can act as a vaccine, producing immunity without any obvious signs of disease. After further exposure this vaccine stage is followed by a gradual loss of all antigenic properties. Vaccines of this character, although used with success in the last epidemic of Rio de Janeiro, were found to present considerable practical difficulties in their preparation, since the amount of exposure necessary to convert the virus into a vaccine differed in individual preparations, and it was difficult to estimate the exact time required to destroy virulence without affecting the antigenic properties. As I showed subsequently, if such vaccines were dried or preserved in a refrigerator, they maintain their properties for long periods, and this method has recently been applied to the preparation of vaccines from mouse-brain virus. Laigret recommends the use of three injections of such virus, the first injection of completely non-virulent material, the second injection of virus lethal to mice in doses of -zn to rf 6 c.c., but not in smaller quantities, and a third injection of material lethal to mice in doses of -lls to T-f:u c.c., but not beyond these dilutions. The infected mouse brains are attenuated by keeping in glycerin at room temperature for one to four days and then either dried or kept in the refrigerator at approximately -15' C., when the virus retains its properties for long periods. This method has the advantage of not requiring immune serum, but the disadvantage of requiring three separate injections at intervals of twenty days, and of course, the possibility of the blood being infective.
The method of protection which has given the most satisfactory results up to the present is the use of combined living virus and immune serum. The ordinary yellow fever virus is too dangerous to employ for this method, but the neurotropic mouse virus referred to previously gives equally good results and its use does not involve such technical difficulties.
The method of vaccination elaborated by Sawyer and his colleagues consists of the injection of a mixture of mouse virus and human immune serum, followed after a short interval by separate injections of human immune serum sufficient to prevent the appearance of virus in the blood. The quantity of human immune serum required is about 30 to 45 c.c. for each patient. The degree of immunity which develops after this method of vaccination is similar in intensity to that following an attack of the disease, and the presumption is that it will be of long duration. This method has been used for the protection of a considerable number of subjects by Sawyer and his colleagues at the Rockefeller Institute, New York, by Findlay at the Wellcome Research Institution, London, and by Aragao in Brazil. Some modifications of this method have been devised in order to overcome the practical difficulties entailed by the use of large quantities of human immune serum. Pettit and Stefanopoulo find that animal anti-yellow fever serum, prepared in horses or baboons, gives equally good results, and also it is unnecessary to use such large quantities of serum. Findlay has also applied a method of intradermal vaccination which may obviate the necessity of using more than 1 or 2 c.c. of serum for each patient.
Conclusion.-It will be seen that recent laboratory investigations, whilst in the main confirming the results of earlier work in which human volunteers were used, have modified our information in various details, notably in the case of methods of 7 209 210 Proceedings of the Royal Society of Medicine 8 transmission and also in the methods of diagnosing the disease. Some of the older sanitarians who have had practical experience of yellow fever epidemics, and their rapid suppression by the application of the principles laid down by the earlier investigators, seem to view the results of laboratory studies with a certain amount of suspicion, and tend to ignore the wider risks of infection indicated by some of their results.
It is well to remember the comparative ease with which yellow fever epidemics can be suppressed in appraising the value of these statements. But to suggest, as seems to have been the case, that the measures for prevention and control drawn up by the Yellow Fever Commission for the International Sanitary Convention for Aerial Navigation, exceed the needs of the case, and are a concession to the alarmist point of view, seems to me most unfortunate. If such is the case, then from the point of view of the permanent control of yellow fever I frankly admit that I belong to the so-called alarmists. The successful control of epidemics is not quite the same problem as the permanent suppression of yellow fever, and unless care is taken to guard against even the exceptional methods of transmission indicated by laboratory experiments, there is always the remote possibility of yellow fever being carried to regions where favourable climatic conditions, combined with the presence of Aedes wgypti, might lead to fresh outbreaks.
The present distribution of the disease suggests that in West Africa, its original home, the disease has widely extended its range during recent years, in spite of the successful control of isolated epidemics. In 1931 there were no less than 40 cases of actual yellow fever in Europeans in French West Africa, and the localities ranged from Senegal to Garkidda in Nigeria; and in Brazil there were 34 cases in 13 different and widely scattered localities ranging from Rio to Ceara, and isolated cases in Bolivia and Colombia. Yet I remember a few years ago listening to an interesting account of how yellow fever had been completely eradicated from South America! As the result of recent laboratory investigations we have now precise methods of diagnosis applicable to the delimitation of endemic zones of the disease, a more exact knowledge of its transmission, and finally methods of protection. With international co-operation in the use of these weapons, I think there is little doubt of the effective control and final eradication of yellow fever.
Full references to the literature of this subject will be found in the Yellow Fever Section of the Tropical Diseases Bulletin. Colonel S. P. JAMES agreed that the articles relating to yellow fever in the International Sanitary Convention of 1926, and the International Sanitary Convention for Aerial Navigation of 1933, did not cover all the possible risks indicated by the results of recent laboratory research. Any of those happenings in laboratory experiments might also happen, exceptionally, under natural conditions, just as it had been found, very rarely, that the incubation period of cholera might be as long as 'sixteen or eighteen days instead of being limited to the five days mentioned at the International Sanitary Convention of 1926. But it was the practice to base international regulations on what occurred in the immense majority of cases rather than on what might occur quite exceptionally, and it had been found by experience that this practice provided adequate safeguards against spread. This was one of the reasons why the new Sanitary Convention for Aerial Navigation made provision for some, but not all, of the possible risks indicated by the results of recent laboratory experiments. Another point in Dr. Hindle's paper to which he would like to refer briefly was the fact that, by the application of the " mouse-protection test," yellow fever had been found to have a much wider distribution than had been previously suspected. This was an important finding, but in the future a distinction might have to be made between the geographical distribution of the virus of yellow fever and that of the clinical disease itself. The geographical distribution of the virus (as indicated by results of the protection test) might be found to be much more extensive than the geographical distribution of recognizable clinical cases and it might have to be assumed that in certain regions infection with the virus brought about in the majority of individuals, immunization without clinical disease.
